The Josephson Vortex dynamics in high anisotropy superconductors Bi2212 and Bi2223 induced by AC magnetic field collinear to DC magnetic field and parallel to the layers is studied via their interaction with microwave field. Experimental results as function of DC magnetic field, AC magnetic field and temperature are presented. The AC induced microwave dissipation is larger than dissipation without AC field. The results are explained by the theoretical interpretation reported recently due to shaking by the AC field that depins the JV (Shaltiel et al., Phys. Rev. B 77, 014508, 2008). Similar behavior in these two compounds as a function of the variables involved discloses that
Introduction
Investigation of Josephson sine-Gordon solitons, known as fluxons, has drawn great interest in basic and applied physics [2] . Most investigations are performed in mesastructures of intrinsic Josephson junction IJJ stacks of superconducting layers coupled by Josephson effect. The linear size of sacks is usually less than 100 µm, where the Josephson solitons move along its junction [3] . The purpose of those investigations is to study the dynamic behavior of fluxons where emphasis is drawn on the collective motion of the Josephson vortices generated by electrical current and detected via the I-V curves [4] . The investigations are motivated for the possible application to generate radiation at THz frequencies [5] .
In the present work the experimental method of "Induced Microwave Dissipation by AC Magnetic Field" (IM-DACMF) [6] is introduced to study the dynamic behavior of solitons in bulk high-anisotropy single superconductor crystals of Bi2212 and Bi2223, via their interaction with the magnetic component of the microwave field. The interaction is attained by applying an AC magnetic field collinear with a DC magnetic field parallel to the a-b plane. The AC field varies the density of the fluxons due to their motion in and out of the superconductor, causing interaction with the microwave within its skin depth. The interaction induces a microwave dissipation caused by the collective motion of the JV; we show that the dissipation is by far larger than the dissipation due to the interaction of the microwave with the JV without the presence of the AC magnetic field [7] . Differences in the microwave power dissipation of more than two orders of magnitude were observed with or without the presence of AC field in Bi2212 crystals where a very similar experimental setup was applied. It indicates that the AC field strongly enhances the microwave dissipation in highanisotropy superconductors that results from the interaction of the JV with microwave magnetic field. The results indicate that, depending on the variables involved, the microwave response can be linear or nonlinear with the AC field. Furthermore, the signal phase with respect to the external AC phase can vary with the change in the variables involved.
Based on the present experimental results, the ACinduced microwave dissipation was recently interpreted theoretically in the framework of Josephson electrodynamics in layered superconductors [1] . It shows that the enhancement of the microwave dissipation in the presence of AC field results from the shaking of JV by the AC field.
The IMDACMF technique introduces a new method to investigate the dynamics of fluxons. It is different from the IJJ method mentioned above. In the IJJ method the motion of the JV vortices is obtained by applying electric current perpendicular to the conducting planes of the superconductor and its effect is observed by DC resistivity and I-V characteristics measurements. The present method is contactless; the motion of fluxons is induced by an AC field collinear to the DC field and parallel to the conduction planes, and its effect is detected via microwave dissipation. It can be applied to investigate the effect of different treatments of the superconductor on the motion of the fluxons. A greater variety of samples, small and large single crystals, can be used with this technique.
It should be mentioned that after the discovery of high T c superconductors, EPR spectrometers where extensively used to investigate their interaction with microwave [8] .
Though interesting results where obtained, the technique was soon almost abandoned as it did not reveal additional substantial information. The present work shows a new experimental procedure to obtain results on the interaction of vortices with the microwave in high-anisotropy superconductors, using EPR spectrometers.
In the following we describe the experimental set up and the measuring procedure. We then present the experimental results of the AC-induced microwave dissipation in the high anisotropy Bi2212 and Bi2223 crystals, as a function of the variables involved, namely, DC magnetic field, AC magnetic field and temperature, where similarities and differences in their behavior are exposed. The next section analyzes the experimental results. Then the experimental results are compared with the theoretical work [1] ; it shows a good qualitative agreement with the experimental results. The discussion summarizes the important results and points out new possibilities to investigate the dynamics of JV by the IMDACMF technique.
Experimental

Experimental Setup
The experiment block diagram is shown in Fig. 1 . It consists of a Bruker ELEXSYS continuous EPR spectrometer working at X-band frequency (9.36 GHz) and a digital oscilloscope. A microwave source feeds a cavity where highanisotropy Bi2212 or Bi2223 crystals (1 × 1 × 0.1 mm 3 ) are placed in the cavity region where only the microwave magnetic field is present. The sample, whose temperature could be varied down to helium temperature, was exposed to a collinear DC and AC (100 Hz to 100 kHz) magnetic fields. The microwave magnetic field was parallel to the a-b plane and perpendicular to the DC magnetic field. The AC magnetic field induces a signal into the microwave power reflected from the cavity. It is rectified by a diode that feeds either a lock-in detector or a digital oscilloscope. The lock-in gives the signal intensity and phase of the first AC harmonic; the oscilloscope displays also higher harmonics within its band width. The combined detectors present direct information of the microwave dissipation at the AC frequency. Unless otherwise specified, the magnetic fields were parallel to the a-b plane where only JV are formed in contrast to magnetic field parallel to the c-axis where only PV are formed (Fig. 2) . The experiments were performed using the ZFC procedure, namely, the sample was cooled at zero magnetic field from above T c to the required temperature. The AC or DC field was then set to a predetermined value and the DC or the AC magnetic field respectively was increased in steps. The signal was registered at each field. The reason for increasing the fields in steps and not continuously is that not only the signal intensity but also the AC frequency signal phase varied as a function of the variables, as is demonstrated in Fig. 3 . Thus when measuring with the lock-in detector it was necessary to determine the phase at maximum signal for each measurement. Here the phase values are stated with respect of the phase of the external AC field h AC . Analyzing the results obtained from the lock-in and from the digital oscilloscope gave a full picture of the signal response, including signal intensity, signal shape and signal phase. The method of aligning the crystal can be deduced from a previous work [9] . It is performed by rotating the crystal around an axis parallel to the c-axis [6, Fig. 2] .
Two high-anisotropy compounds were investigated, an optimally doped Bi2212 crystal T c = 90 K and several Bi2223 crystals whose T c varied between 110 K and 105 K. First, the experimental results of the Bi2212 are presented, followed by the Bi2223 results. Figure 3 shows the oscilloscope signals of a Bi2212 crystal for the same AC field at two different DC fields (the upper frame), and for the same DC field at two different AC fields (the lower frame). The figure indicates that the signal can have a sinusoidal or a non-sinusoidal shape indicating linear or nonlinear response, respectively, for the same AC field or for the same DC field. The figure also shows that the AC phase of the fundamental harmonics depends on the intensities of the AC or DC field. Additional measurements have shown that the phase may depend also on the magnitude of other variables, such as temperature. Figure 4 shows signal intensity as a function of temperature from slightly above T c down to 4 K for magnetic field, with H DC parallel to the c direction or parallel to the a-b plane. At magnetic field parallel to the c-axis, where only PV are formed (Fig. 2) , the signal intensity down to 4 K is zero, except the narrow range signal just below T c . It results from the variation of the thermal activated flux flow resistivity [10] (TAFF), and is reported in detail in reference [6] ; it will not be discussed further. For H DC parallel to the a-b plane where only JV are formed (Fig. 2 ) the signal intensity increases sharply at T c and even further down to 4 K. The results in Fig. 4 indicate that the AC magnetic field induces strong microwave dissipation when interacting with JV but almost none when interacting with PV.
Experimental Results of Bi2212
The lock-in signal intensity and signal phase as a function of DC fields at 40 K at a low-AC field and a high-AC field of 0.1 mT and 1.2 mT, respectively, are shown in Fig. 5a . Different functional behavior is observed at these two AC fields. At the low-AC field the signal intensity below H DC = 4 mT is small. An asymmetric bell-shaped curve is observed at higher fields, with a stronger slope in the low field side and a maximum at 13 mT. The signal phase is close to −180°in the whole field region. The high-AC field signal intensity has a maximum at 2 mT, the intensity which is more than three orders of magnitude larger than the intensity of the low-AC field signal with the same DC field. This maximum decreases strongly, followed by a second broader maximum at 19 mT. The signal phase associated with the first maximum is around −30°: it decreases sharply at higher fields and tends asymptotically to −160°at the highest DC field.
The digital oscilloscope signals along the DC field for the low-AC field and the high-AC intensity curves of Fig. 5a are shown in Figs. 5b and 5c respectively. Figure 5b shows that for h AC = 0.1 mT the signal intensity at the two low-DC fields is weak and its signal shape deviates strongly from the sine, indicating a nonlinear response. The intensity increases Figure 5c shows that the signal shape for h AC = 1.2 mT at the magnetic field close to the first maximum is close to sine, indicating a linear response. It starts to deviate from the sine already at 10 mT with maximum deviation from the sine at 15 mT. At higher fields the deviation from sine shape decreases with increasing field. Thus the signal shape in Figs. 5b and 5c clarifies the changes in the signal intensities and phases as a function of DC field, as was shown in Fig. 4a . Figure 6a shows the lock-in signal intensity and phase as a function of AC fields at 40 K at a low-DC field of 2.5 mT and at a high-DC field of 22 mT. The two DC fields are close to the two maxima shown in Fig. 5 for h AC = 1.2 mT. Different behavior is observed at these two curves. At the low-DC field's maximum curve, the lock-in signal intensity is close to zero below a threshold AC field. Above this threshold the microwave dissipation increases linearly. At the high-DC field's maximum curve the signal intensity increases linearly from zero up to about h AC = 0.5 mT, then it saturates strongly up to the highest AC field. The phase Fig. 3 Digital oscilloscope signal for a constant AC field using a low-DC field and at a high-DC field (the upper frame) and for a constant DC field using a low-AC field and a high-AC field (the lower frame) of the low-DC field signal is close to zero (−25°on average). The phase of the high-DC signal is equal to −180°a t low-AC fields and tends asymptotically to −140°at the highest AC field. The digital oscilloscope signals along the curves of the low-DC field maximum and the high-DC maximum are shown in Figs. 6b and 6c respectively. Figure 6b shows that at h AC = 0.1 mT the low-DC signal intensity is weak and its signal shape deviates strongly from sine, indicating a nonlinear response. The intensity increases strongly at higher AC fields and its signal shape is close to the sine, indicating a linear response. Figure 6c shows that the high-DC field signal shape at h AC = 0.1 mT is the sine indicating a linear response. At higher AC field the signal shape deviates from the sine indicating a nonlinear response. Thus the signal shape in Fig. 6b and Fig. 6c clarifies the changes in the signal intensities and phases as a function of AC field shown in Fig. 6a . Figure 7 presents the temperature evolution of the signal intensity as a function of DC field from 80 K to 4 K for the "low-AC" field (0.1 mT) and the "high-AC" field (1.2 mT). It shows that the intensity increases with decreasing temperature as also is indicated in the insets of the figure. The applied microwave magnetic field in the present work was 0.007 mT (6.3 mW in a cavity with Q = 3300). The interaction of the JV with the microwave for different microwave power, Fig. 8 , indicates that the signal intensity for the same AC and DC fields is proportional to the square root of the microwave power implying an ohmic behavior. Similar ohmic behavior was observed by Enriquez [11] for the same experimental setup but without the application of the AC field. The unusual high intensity response of microwave dissipation by AC magnetic field in Bi2212 was not observed in the low-anisotropy optimally doped YBaCuO 7 superconductor with magnetic fields parallel to the a-b plane. A fundamental difference between these two compounds regarding Josephson vortices is that in the high-anisotropy Bi2212 the coupling mechanism between the layers is due to the Josephson effect. To find out if this dissipation is related to the JV inter-layered coupling, we have extended the investigated to Bi2223. Though its anisotropy is slightly lower than that of Bi2212 [12] , the coupling mechanism between the layers is due to the JV.
Experimental Results of Bi2223
Several Bi2223 crystals were investigated whose T c ranges from 105 K to 111 K. Here we present the results of a T c = 105 K crystal the transition temperature of which though was slightly lower than in other crystals, the results show a clearer behavior attributed to smaller number of defects [13] . Figure 9a shows the signal intensity as a function of temperature for H ||a − b and H ||c, with H DC = 1 mT and h AC = 0.4 mT. At H ||c the signal just below T c results from the TAFF resistivity discussed earlier. A strong anomalous signal with a maximum at 84.5 K and a width of 4 K is observed. The signal intensity below 85 K is practically zero. At H ||a −b the signal intensity increases slightly and gradually down to around 88 K, where a strong anomalous signal is observed at 83 K, similar in shape and intensity to the anomalous signal observed for H ||c. Below the anomalous signal, a relatively-high intensity signal is observed down to 4 K. At high-anisotropy superconductors the TAFF signal intensity for H ||a − b is almost zero [6] . The small TAFF signal observed at this orientation in Fig. 9a results from a slight deviation of the magnetic field (about 3°away the a-b plane). Indeed, when aligning the crystal almost parallel to the a-b plane, the small TAFF signal just below T c is not observed (Fig. 9b) . Figure 10 shows the lock-in signal as a function of DC field at 4 K for a low-AC and a high-AC field of 0.1 mT and 1.2 mT, respectively. The low-AC field signal intensity has an asymmetric bell-shaped curve with a smaller slope at the high field side with the maximum at 8 mT. The high-AC field signal intensity has two maxima. The maximum of the low field signal is at 1 mT and its intensity is more than 2 orders of magnitude stronger than the signal intensity of the low-AC field intensity signal at the same DC field. The intensity below this maximum decreases sharply with the field and then increases towards a second maximum. Above the second maximum, the intensity decreases gradually towards zero at 100 mT. The signal phase of the low-AC field is about −180°. The signal phase of the high-AC field has a maximum of −60°followed by a sharp decrease that tends asymptotically to −160°at fields higher than 100 mT. Figure 11a shows the lock-in signal intensity and phase at 20 K as a function of AC field for a low-DC field and a high-DC field of 6 mT and 20 mT, respectively. The low and high DC field intensities were chosen to be close to the maxima observed in Fig. 10 . At the low-DC field the signal intensity above a threshold AC field increases almost linearly up to about h AC = 2 mT and then it starts to saturate. The signal intensity at the high-DC field increases linearly already from zero but saturates already at h AC = 0.6 mT. The phase of the low-DC field is close to −180°at AC field of 0.1 mT and increases sharply at higher AC field. The phase of the high-DC field signal has an almost constant value of −170°u p to h AC = 0.3 mT and increases gradually to −130°at the highest h AC field of 3 mT. The digital oscilloscope signals along the two curves of Fig. 11a are shown in Figs. 11b and 11c. They clarify the strong changes in the intensity and phase as a function of AC field observed in the two curves of Fig. 11a . The evolution of the signal intensity as a function of DC field from 90 K to 4 K for a low-AC field of 0.3 mT and a high-AC field of 1.2 mT is shown in Fig. 12. Figure 4 shows that the AC field collinear with the DC field induces microwave dissipation as a function of temperature down to 4 K for magnetic field parallel to the Cu planes, where only JV are formed. There is no microwave dissipation for magnetic field parallel to the c-axis where only PV are formed. It leads to the fundamental conclusion that the induced microwave dissipation results from the AC interaction with JV but not with PV. The increase of the signal intensity with decreasing temperature for H ||a − b (Fig. 4) signifies that the dissipation does not result from a static property, as decrease in the absorbed microwave power with decreasing temperature is expected due to pinning. Thus the observed signals result from dynamic interaction of the moving fluxons with the microwave field, within the superconducting microwave skin depth, whose motion is induced by the AC field. Figure 3 shows that the time dependent of the microwave dissipation depends strongly on the variables involved, such as DC magnetic field and AC magnetic field. Small changes in one parameter may change the signal shape from sinusoidal to non-sinusoidal and vary the phase more than 90°. These changes are related to the variation of the signal phase and shape as a function of DC and AC fields shown in Figs. 5 and 6 respectively.
Analysis of the Experimental Results
Bi2212
The properties of this dynamic interaction as a function of the DC and AC magnetic fields at 40 K are manifested in the signal intensity and phase in Fig. 5a and Fig. 6a , and their corresponding signal shapes are displayed in Figs. 5b-5c and 6b-6c, respectively.
The lock-in signal intensities and their corresponding phases at 40 K as a function of DC field (Fig. 5) , indicate that the functional behavior at the 0.1 mT low-AC field differs substantially from the 1.2 mT high-AC field. It confirms the conclusion obtained from Fig. 3 that the AC-induced interaction with the fluxons depends strongly on the values of the variables involved. The low-AC field curve has an asym- metric bell-shaped signal whose phase is close to −180° (  Fig. 5a ). Its signal shape is sinusoidal indicating a linear response (Fig. 5b) . Thus linear response occurs at a phase values close to −180°at low-AC field. The high-AC field curve shows two maxima, at a low-DC field of 2 mT and at a high-DC field of 15 mT (Fig. 5a ). The intensity of the lowfield maxima is by far larger than the intensity at the low-AC field for the same DC fields. The phase of this low-field maximum is close to zero (Fig. 5a ) and its line shape (Fig. 5c ) is close to the sine, indicating that for phase close to zero a linear response is observed. At magnetic fields above this maximum, there is a strong decrease of the signal intensity followed by a broad maximum. The phase decreases rather sharply with the decrease of the intensity at higher DC fields and tends asymptotically toward −160°. The line shape in this field range deviates from sinusoidal shape (Fig. 5c ) indicating a nonlinear response. Thus Fig. 5 shows that the signal intensity as a function of DC field is strongly affected when exposed to low-AC or to high-AC field.
A clearer behavior of the effect of the AC field on the microwave dissipation is obtained from the signal intensities as a function of AC field for a 2.5mT at the low-DC field and 22 mT at a high-DC field, where the two DC fields correspond to the position at the low and at the high DC field maxima with h AC = 1.2 mT of Fig. 5 . Strong differences were observed in the signal intensities and signal phases as a function of AC field at 40 K at these two DC fields (Fig. 6 ). It implies again that the AC interaction with the solitons strongly depends on the values of the variables involved. There is a sharp contrast in the functional dependence at the two fields: The low-DC field signal intensity is very small: up to h AC = 0.3 mT it increases linearly up to h AC = 2.5 mT. The high-DC field signal increases linearly only up to h AC ≈ 0.3 mT and remains almost constant up to h AC = 3 mT (Fig. 6a) . The signal phase value of the low-DC is close to zero. The high-DC signal phase is close to −180°u p to h AC ≈ 0.3 mT then it increases with AC field, saturating at −140°at the maximum AC value of 3 mT (Fig. 6a) . The signal shape of the low-DC field signal is sinusoidal indicating a linear response in the whole AC field range where the phase is close to zero (Fig. 6b) , while the signal shape of the high-DC field is sinusoidal only up to h AC = 0.3 mT where the phase is close to −180°, and deviates from the sine shape above this value (Fig. 6c) .
The phase behavior as a function of DC field is similar to the phase behavior as a function of AC field. In both cases, 
Comparison between Bi2212 and Bi2223
Induced microwave dissipation by AC field observed in Bi2212, where the layered superconductors are coupled via the Josephson effect, is not observed in optimally doped YBCO where there is no Josephson coupling between the layers. We deduce that coupling between the conducting layers by JV is a necessary condition to induce the microwave dissipation. If this assumption is correct the AC field should induce microwave dissipation in Bi2223 similar to that observed in Bi2212 as a function of any of the variables, namely DC magnetic field, AC magnetic field and temperature should show similar behavior. Indeed, the analysis presented below of the experimental results in the two compounds displays very similar behavior.
(a) Signal as a function of temperature, Figs. 4 and 9.
The signal intensity in both compounds as a function of temperature at magnetic fields parallel to the a-b plane shows strong signal intensities from 85 K down to 4 K with similar behavior. At magnetic fields parallel to the c-axis, a Applying a low-AC field in the two compounds induces a similar asymmetric bell-shaped signal with a signal phase of −180°. Two maxima are observed when exposed to a high-AC field. The intensity at the lower DC field maximum is strong and its width is narrower compared to the width of the higher DC field maximum. The phase at high-AC field is closer to zero for the first maximum, and it decreases sharply with DC field tending asymptotically to −160°at higher DC field.
(c) Signal as a function of AC magnetic field at a constant temperature, Figs. 4 and 10.
In both compounds the signal intensities as function of AC field for the low-DC field (above a threshold value) increases linearly with the AC field. For the "high-DC" field the intensity increases linearly already from zero AC field and saturates above a small value of the AC magnetic field. Their corresponding phases at low and high DC fields show similar behavior (Figs. 4a and 8a) . Comparison of the digital oscilloscope signals in Bi2212 (Figs. 4b and 4c ) with those in Bi2223 (Figs. 10b and 10c) , shows similar linear and nonlinear response at low and high intensity of the AC field.
(d) Variation of the signal intensity for temperatures 80 K to 4 K as a function of DC magnetic field at low-AC and at high-AC magnetic field, Figs. 7 and 11.
The signal intensities increase with decreasing temperatures for temperatures below 80 K in Bi2212, and for temperatures below 40 K in Bi2223.
The very similar behavior as a function of AC and DC field in these two high-anisotropy superconductors indicates that the origin of the induced microwave dissipation stems from interaction of AC field with fluxons that reside between conducting planes.
Although the two compounds exhibit similar behavior, there are some significant differences. The sharp increase of the signal intensity just below T c in Bi2212 for H ||a − b (Fig. 4) is not observed in the Bi2223 close and below T c (Fig. 9) . Instead, a gradual increase in the intensity with decreasing temperature is followed by a strong anomalous signal at about 85 K as shown in Figs. 9a and 9b. For H ||c the signal intensity in Bi2212 at temperatures below the FFR signal is zero down to 4 K, whilst in Bi2223 a strong anomalous signal is observed at about 85 K, very similar to the anomalous signal observed at H ||a − b. Our results show that the intensity of the anomalous signal decreases more than two orders of magnitude when increasing the DC field from 0.004 T to 0.03 T. Thus the interaction of the AC field with the vortex system below T c down to 80 K in Bi2223 is different than expected assuming that the response below T c for the two compounds should be similar. However, the two compounds show similar behavior below 80 K, including the sharp increase in the signal intensity in Bi2223 (Fig. 9b) 
Comparison between the Experimental Results and Theory
Based on the present experimental results, the microwave dissipation in layered highly-anisotropic superconductors subjected to a magnetic field parallel to the layers has been studied theoretically [1] . The analysis of the microwave dissipation in the presence of an AC field is based on Josephson electrodynamics in layered type II superconductors. The reader is referred to the article that discusses the microwave dissipation as a function of the DC field and temperature with and without the application of AC field. It shows that the addition of the low frequency AC magnetic field greatly enhances the microwave signal. It is explained by AC "shaking" effect that depins the Josephson vortices. Thus the theoretical article, referred here as the Theory, and the present experimental work, are complementary. In order to present to the reader a more comprehensive discussion without referring him continuously to the theoretical work, we bring [7] below the experimental fit to the theoretical results including important conclusions.
The experimental results in the high-anisotropy superconductors Bi2212 and Bi2223 show, in general terms, the presence of two DC magnetic field regions: a low-DC and a high-DC region in which the AC field induces sinusoidal shape signals that are in phase with and out of phase to the AC frequency, respectively. In the small in-between DC field region the signal deviates from the sine form and the phase of the fundamental frequency varies sharply with increasing field, from close to 0°toward 180°.
The microwave dissipation that results from the interaction of the microwave magnetic field with JV in Bi2212 as a function of a DC magnetic field parallel to the a-b plane, but without the presence of the AC field, has been investigated for DC magnetic field parallel to the a-b plane by Enriquez et al. [7] . The experimental setup was identical to the present experiment using microwave power modulation instead of the magnetic field modulation in the present work. Results of the power dissipation as a function of magnetic field at a temperature of 70 K without AC field [7] are shown in Fig. 13 . The signal intensity in Enriquez experiment were a few orders of magnitude smaller than those obtained in the present experiment, indicating that the AC field strongly enhances the interaction of the JV with the microwaves in accordance with the shaking effect. Figures 14, 15 and 16 correspond to Figs. 4a, 5 and 3 of the Theory article [1] . Figure 14 presents a schematic plot of the calculated signal intensity as a function of a DC magnetic field. It shows the presence of two linear regions separated by a nonlinear region in which the phase shifts from 0°at low field to 180°a t high field. This result is in agreement with the results of Fig. 5 and Fig. 10 for Bi2212 and Bi2223 respectively (at the high-AC field of 1.2 mT) that show two linear regions whose phase varies from close to 0°, at low-DC fields, to close to −180°at high-DC fields, separated by a nonlinear region where the phase shifts continuously toward −180°. Figure 15 presents the exponential fit to the maximum signal intensity, S, as a function of temperature shown in Fig 6. This exponential fit S = T −α was derived from (42) with α = 0.7 of the Theory paper.
A remarkable result of the theoretical work was obtained when fitting the experimental results of Enriquez et al. [7] that show the microwave dissipation as a function of DC field in Bi2212 without the application of AC field, Fig. 13 . The full circles were fitted in the theoretical work using (36) of the theory article [1] . That infers that the interaction of the JV with the microwave magnetic field with and without the presence of the AC field originates from the same mechanism. The AC field induces the shaking of the JV that strongly enhances the microwave dissipation. 
Dependence of Microwave Dissipation on the Microwave Power
The applied microwave magnetic field in the present work was 0.007 mT (6.3 mW in a cavity with Q = 3300). The interaction of the JV with the microwave for different microwave power in Fig. 8 shows that the signal intensity for the same AC and DC fields is proportional to the square root of the microwave power implying an ohmic behavior. A similar ohmic behavior was observed by Enriquez [11] using the same experimental setup but without the application of the AC field (see Fig. IV .2.1 in reference [11] ). It implies that the JV interaction with the microwave field is not affected by the application of the AC field.
Discussion
The present work investigates experimentally dynamic properties of JV in the highly anisotropic superconductors Bi2212 and Bi2223. The JV are generated by applying a DC magnetic field parallel to the conducting plane. Their motion is caused by AC magnetic field collinear to the DC field and detected by microwave dissipation due to interaction of the JV with the microwave magnetic field. Thus three magnetic fields, DC, AC and microwave, affect the intensity of the interaction. In addition, other variables such as temperature, frequency of the AC magnetic field and pinning center can affect the JV interaction with the microwave. Deviation of the magnetic field from the a-b plane [14] introduces PV that impedes the motion of JV. We have shown that small variations of any of the above variables can strongly influence the experimental results. The strong dependence of the observed signal on the large number of parameters made the results complicated to analyze and difficult for the reader, as it is necessary to specify the different parameters when analyzing or presenting the results. Initially the different response of the microwave dissipation as a function of a DC magnetic field with or without the application of an AC field raised difficulties in the analysis of the results. However, the theoretical work presented recently in the theory article has shown that both dissipations stem from the interaction of the JV with the microwave and that the differences in their functional behavior result from the shaking of the JV by the AC field. Ohmic dissipation of the microwave in the power range 0.2 mW to 20 mW with and without and the application of the AC field observed in the present experiment and in Enriquez experiment, respectively, implies that the interaction of the AC magnetic field-but not the microwave magnetic field-is responsible to the observed strong power dissipation. Hence the AC modulating field has an active role in inducing strong power dissipation, in contrast to the passive modulating role observed in electron spin resonance experiments.
The theory article [1] explains the results shown in Figs. 6 and 8 that indicate the presence of two regions at a low-DC and a high-DC fields, in which the dissipation signals differ by 180°and the response to the AC field is linear. Inbetween these two regions the signal phase shifts from close to 0°to close to 180°with a nonlinear signal shape. The strong increase of the microwave dissipation with decreasing temperature shown in Fig. 7 was not observed in microwave dissipation measurements by Enriquez [11] where the AC field was absent. This difference results from the AC field shaking effect, as described in the theory work and presented in Fig. 14. The response of the signal as a function of DC field for AC frequencies 0.1 kHz to 100 kHz for the same AC field was very similar. It indicates that the response in this AC frequency range is not affected by frequency.
The almost identical behavior of the signal intensity in Bi2212 and Bi2223 confirms the theoretical investigation that the microwave dissipation results from the AC-shaking of the JV in high-anisotropy superconducting compounds. It therefore predicts that similar behavior in the microwave dissipation should be observed in all highly anisotropic superconductors. A list of these compounds is discussed by Shimoya et al. [12] . Thus one would expect to observe IM-DACMF signals in the under-doped high anisotropy superconductor YBCO 6.6 (T c = 60 K) where the coupling between the layers is through the Josephson effect; it has not been observed in the low-anisotropy optimally doped YBCO (T c = 89 K) where there is no Josephson coupling between the layers.
The functional dependence of Bi2212 and Bi2223 at temperatures below 80 K is similar, in agreement with the theory. Above 80 K the response to the AC field shows different behavior, including the presence of an anomalous signal in Bi2223, observed also at magnetic fields parallel to the caxis. It may indicate the presence of a different JV lattice structure above 80 K that so far has not been observed by other methods. Figures 6 and 11 show that the signal intensity asa function of the AC field at a high-DC field is saturated above a certain AC field. The reason for this saturation is not clear. It can be due to the depinning force induced by the AC field. A further investigation is needed.
No AC-induced microwave dissipation is observed for magnetic fields parallel to the c-axis where only PV are formed. The unique property where AC field induces the shaking of only JV and not PV opens a vast field of investigation where the dynamics of JV exposed to various pinning centers can be investigated. Indeed recently, by using this technique, increase of the interaction between PV and JV obtained by tilting the magnetic field away from the a-b plane has revealed a strong effect of PV on the dynamics of JV [14] . Also this technique has shown a memory effect where a magnetic field can be imprinted into the JV structure [15] and irreversibility behavior of the JV system that results from field cooling procedure [16] .
In the present work the AC microwave dissipation has been investigated using an EPR spectrometer at 9.3 GHz. EPR spectrometers, whose frequency range is from a few MHz to hundreds of GHz have been reported [17] . Applying the technique using EPR spectrometer that operates a different frequencies would provide information on the interaction of fluxons with the electromagnetic field in a very large frequency range. The technique can also be used to investigate interaction of JV with different defects, including irradiation defects, by comparing the microwave dissipation results before and after introducing the defects. Intense research has been carried out on the dynamic properties of solitons in intrinsic Josephson junction IJJ stacks of highanisotropy superconductors, where the motion of the JV is generated by a DC current parallel to the c-axis and detected by I-V curves [18] . It would be interesting to compare the present results with a technique where the motion of the JV is generated by AC current parallel to the c-axis and detected via microwave dissipation [19] . It can clarify the difference between the two types of induced motion.
